Chemical context
Copper(I) complexes bearing diimine ligands are important candidates for photofunctional materials due to the possible generation of long-lived charge-transfer excited states (Barbieri et al., 2008; Nishikawa et al., 2015) . We have previously reported the crystal structures as well as the longlived emission properties of the dicopper(I) complexes [Cu 2 (dmp) 2 (dppb) 2 ](PF 6 ) 2 (dppb = 1,4-bis(diphenylphosphanyl)butane, dmp = 2,9-dimethyl-1,10-phenanthroline) (Saito et al., 2006) and [Cu 2 (dmpp) 2 (dppb) 2 ](PF 6 ) 2 (dmpp = 4,7-diphenyl-1,10-phenanthroline) . In addition, the synthesis and NMR studies of dicopper(I) complexes bearing 1,1-bis(diphenylphosphanyl)methane and 3,4,7,8-tetramethyl-1,10-phenanthroline (tmp) ligands (Kitagawa et al., 1991) , and the crystal structures of bis(diimine)-copper(I) complexes, [Cu(tmp) 2 ]BPh 4 and [Cu(phen) 2 ]BPh 4 (Cunningham et al., 2000) , have been reported. It is known that methyl substitution on the phenanthroline ligand often gives the essential effect on the photophysical properties of the copper complexes. Herein we describe the synthesis and crystal structure of a novel dinuclear copper(I) complex bearing tmp and dppb ligands. The title complex, [Cu 2 (tmp) 2 (dppb) 2 ](PF 6 ) 2 Á2CH 2 Cl 2 , was newly synthesized by the reaction of tmp, dppb, and tetrakis(acetonitrile)copper(I) hexafluoridophosphate in dichloromethane at room temperature.
Structural commentary
The asymmetric unit of the title compound consists of half of the dicopper(I) complex cation, one hexafluoridophosphate ISSN 2056-9890 counter-anion, and one dichloromethane molecule. The complex has crystallographically imposed inversion symmetry. Each copper(I) atom is coordinated in a distorted tetrahedral geometry by two nitrogen atoms of a chelating tmp molecule and two phosphorus atoms of two centrosymmetric bridging dppb ligands, forming a 14-membered ring (Fig. 1) [126.38 (5) ]. The conformation of the dinuclear complex is stabilized by the presence of two relatively short intramolecular -interactions involving the N12/C17/ C30/C54/C36/C37 pyridine ring and the C29/C26/C46/C47/ C57/C32 phenyl ring of the dppb ligand [centroid-to-centroid distance = 3.577 (5) Å ].
Supramolecular features
In the crystal, -interactions between the phenanthroline rings of adjacent complex dications are observed [centroid-tocentroid distance = 3.644 (4) Å ], forming chains running parallel to [111] . As shown in Fig. 2 , the dichloromethane solvent molecules and counter-ions are sandwiched by the chains of the complex cations. There are weak intermolecular C-HÁ Á ÁF hydrogen-bonding interactions between the fluorine atoms of the counter-ion and the methylene group of the dichloromethane molecule. An intermolecular C-HÁ Á ÁF hydrogen bond involving an aromatic C-H group of a phenyl ring is also observed (Table 1) . Intermolecular -interactions between phenanthroline rings are not observed in the crystal structure of [Cu 2 (dmp) 2 (dppb) 2 ](PF 6 ) 2 , where only weak intramolecular interactions are present between the phenanthroline ring and the phenyl rings of the diphosphine moieties.
Figure 1
The molecular structure of the title compound, with displacement ellipsoids drawn at the 50% probability level. Unlabelled atoms are related to the labelled atoms by (Àx, Ày, Àz). H atoms have been omitted for clarity. Table 1 Hydrogen-bond geometry (Å , ). Symmetry codes: (i) Àx; Ày; Àz þ 1; (ii) x þ 1; y; z.
Figure 2
The packing of the title compound, viewed along the a axis.
Synthesis and crystallization
Under an argon atmosphere, [Cu(MeCN) 4 ]PF 6 (75 mg, 0.20 mmol) was added to a CH 2 Cl 2 solution of dppb (85 mg, 0.20 mmol). Then, tmp (45 mg, 0.20 mmol) was added and the reaction mixture was stirred for 100 min at room temperature. After addition of n-hexane to the solution, the formed solid was filtered, washed with diethyl ether, and dried in vacuo (yield; 139 mg, 80%). Single crystals of the title compound suitable for X-ray analysis were obtained by slow diffusion of diethyl ether into the dichloromethane solution.
Refinement
Data collection details and refinement results are summarized in Table 2 . All H atoms were positioned geometrically and refined using a riding model with C-H = 0.99 Å and U iso (H) = 1.2U eq (C) for methylene groups, C-H = 0.98 Å and U iso (H) = 1.2U eq (C) for the methyl groups and C-H = 0.95 Å and U iso (H) = 1.2U eq (C) for the aromatic groups. A rotation model was used for the methyl groups.
Acta Cryst. (2016). E72, 1554-1556 research communications Table 2 Experimental details. SHELXL97 (Sheldrick, 2008) ; molecular graphics: Mercury (Macrae et al., 2008) ; software used to prepare material for publication: publCIF (Westrip, 2010) . (12) Special details Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
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